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Abstract
The present work mainly deals with a class of problems in the broad area of wave
structure interaction having wide application in Marine Technology and Arctic Engi-
neering. In the present thesis, major emphasis is given
• to new application of some mathematical tools for a class of physical problems
associated with Laplace and/or Helmholtz type equation having boundary con-
ditions which contain higher order derivatives and generalize the existing tools
for more general problems.
• to illustrate the utility of the developed methods by investigating a class of
physical problems which are of recent scientific interest in the broad area of
wave structure interaction arising in Ocean and Arctic Engineering.
In the present thesis, expansion formulae and corresponding orthogonal mode-coupling
relations are developed based on the application of Fourier analysis to handle a large
class of problems associated with Laplace equation satisfying boundary conditions
having higher order derivatives in both the cases of a quarter-plane and a semi-infinite
strip. Using the developed expansion formulae, the solutions of the flexural gravity
wave-maker problems are obtained in both the cases of infinite and finite depths. The
wavemaker problems are revisited by the application of the Green’s function technique
and identical results are obtained as derived by the use of the expansion formulae.
The expansion formulae and the mode-coupling relations are then generalized for
boundary conditions of (2l0 + 1)th order. As an application of the flexural gravity
wavemaker problem, oblique wave scattering by a crack in an ice-sheet is investigated
and results are worked out in case of infinite depth. Effect of compressive force on
the oblique scattering of ice-coupled waves by a narrow crack in a floating ice sheet
is analyzed in infinite water depth by the application of the expansion formula.
Transformation of flexural gravity waves due to heterogeneities in bottom topogra-
phy and floating structure are analyzed in both the cases of finite and infinite steps
with the help of the developed expansion formulae. Energy relations associated with
transformation of flexural gravity waves are derived based on the conservation of en-
ergy flux. The same relations are re-derived by the application of Green’s identity.
The explicit relations for shoaling and scattering coefficients are obtained under the
assumptions of the shallow water wave approximations.
The expansion formulae and the associated mode-coupling relations developed for
wave structure interaction problems in single layer fluid domain are further gener-
alized to derive the expansion formulae in two-layer fluids having free surface and
interface in both the cases of infinite and finite water depths. As an application of
the expansion formulae, the source potentials and multipole potentials associated with
flexural gravity waves in two-layer are derived. Further, the scattering of ice-coupled
waves by a narrow crack in a floating ice-sheet is analyzed in case of two-layer fluids.
Energy relation associated with the scattering of flexural gravity waves by a narrow
crack in a floating ice sheet in two-layer fluid is derived based on Green’s identity.
Finally, efforts are made to understand the effect of uniform current on the propaga-
tion of flexural gravity waves. Considering the motion as simple harmonic in nature,
the effect of current on wave characteristics is investigated. The flexural gravity wave
dispersion relation in the presence of uniform current is used to analyze the group
and phase velocity for both shallow and deep water waves. The dynamics of the
water particles are analyzed in several cases. Further, the effect of change in current
speed on the wave direction is analyzed using the law of wave action and Snell’s law
of refraction. In addition, the change in wave height is analyzed when there is a
discontinuity in the current speed. On the other hand, the unsteady problem of flex-
ural gravity wave generation by initial disturbances in presence of uniform current is
studied by applying the integral transform. Asymptotic behaviour of the wave field
for large values of space and time are analyzed to understand the effect of current.
